We have modified the set-up of a conventional scanning electron microscope (SEM) in order to enable the observation of catalyst surface dynamics under controlled atmosphere and temperature. Using this instrument, we perform in situ investigations on chemical vapor deposition (CVD) growth of graphene on different metal catalysts. Since the experiments are performed in the chamber of a microscope, it is possible to observe complete CVD processes starting from substrate annealing through graphene nucleation and growth and, finally, substrate cooling in real time at nanometer-scale resolution without the need of sample transfer. The nucleation and growth of single layer graphene can be investigated at temperatures of up to 1000°C, while at the same time, surface dynamics of the active metal catalyst can be studied. Growth on polycrystalline substrates reveals grain orientation dependent growth dynamics and catalytic activity [1] . Due to the high sensitivity of the secondary electron signal to changes in the work function and charge transfer at the surface, we are able to visualize different degrees of graphene-substrate coupling [2] .
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In the case of graphene growth on copper substrates, we present detailed investigations on the growth dynamics during different stages of growth as well as the effects of grain dependent substrate dynamics. In the case of graphene growth on platinum substrates, we will discuss growth kinetics of different layers in few-layer graphene. Real-time imaging under well-controlled atmosphere enables the observation of the response of in-plane dynamics in few-layer graphene to changes in the chemical potential of the atmosphere. By switching between graphene growth and hydrogen etching we were able to distinguish between graphene layers that are inserted underneath or forming on top of the initial layer. It is thus possible to abstract information about the stacking behavior of 2D materials directly from the observation of in-plane dynamics [3] .
It will be shown how layer dependent etching rates can be used to determine the relative strength of the graphene-graphene and graphene-substrate interaction. Using anisotropic etching rates extracted from the evolution of the shape of islands and vacancy islands (holes) we were able to judge the strength of the interaction between graphene edges and steps at the Pt surface.
Finally, it will be highlighted that in situ scanning electron microscopy completes the spectroscopic data that is provided by complementary in situ techniques that provide spectroscopic information, such as ambient pressure X-ray and Raman spectroscopy. It adds the visual information and provides unprecedented and direct insights about the complex interplay between environment, catalyst and formed product. 
